Objective: The aim of the study was to compare nasal mucosal vasodilation induced by two different anesthetic used to provide controlled hypotension with the aid of acoustic rhinometry (AR). Method: This study is prospective randomized clinical study. Fifty patients were randomized into propofol (Group P; n=25) and sevoflurane (Group S; n=25) groups. During anesthesia induction, Group P received propofol (2 mg kg -1 IV) and Group S was administered sevoflurane at a minimal alveolar concentration of 6-8%. Anesthesia was maintained with propofol (4 mg kg h -1 ) in Group P and 2% sevoflurane in Group S. Both groups received the analgesic remifentanil at a dose of 0.025 µg kg min -1 . Patients were performed nasal acoustic rhinometry (AR) measurements. Anesthetic doses were adjusted so as to ensure intraoperative hypotension by maintaining mean arterial pressure at 20-25% lower than the baseline value. Results: In both groups, a significant difference was detected between AR and nasal minimal cross-sectional areas (MCA) measurements taken from the patients in the supine position, both during the preoperative period and at 30 minutes after the induction of anesthesia, but a meaningful decrease in MCA1 and MCA2 values after the induction of anesthesia was observed for both groups. In addition, differences in measurements taken before and after the induction of anesthesia were greater in amplitude for the sevoflurane group versus the propofol group. Conclusions: Controlled hypotension induced using sevoflurane anesthesia might result in higher degrees of vasodilation relative to propofol anesthesia.
INTRODUCTION
Controlled hypotension decreases cardiac output and/or systemic vascular resistance to acceptable limits from physiological and pharmacological perspectives. Abatement of bleeding with controlled hypotension ensures a clear surgical field, which allows safer and more rapid achievement of a procedure. Accomplishment of controlled hypotension using various maneuvers (positioning of the patient, positive pressure ventilation, administration of hypotensive agents) is termed 'hypotensive anesthesia'. To achieve hypotensive anesthesia, various agents such as volatile anesthetics, sympathetic antagonists, sodium nitroprusside, nitroglycerine, hydralazine, etc. can be used 1, 2 .
The hemostatic efficacy of the hypotensive anesthetic technique applied depends on its ability to induce hypotension and minimal vasodilation in the surgical field. The degree of vasodilation achieved by various hypotensive anesthetic techniques might also predict the amount of possible bleeding from the surgical field. The noninvasive and pain-free acoustic rhinometric method, which requires only minimal patient compliance, is a reliable and precise quantitative analysis capable of assessing vascular changes and the degree of vasodilation in the nasal mucosa. This study differs from other similar investigations in that it is based on an objective evaluation of the degree of vasodilation induced in nasal mucosa by controlled hypotension with the aid of anesthetics.
The aim of this study was to compare the degree of vasodilation induced in nasal mucosa by controlled hypotension using propofol -remifentanil or sevoflurane -remifentanil combinations with the aid of quantitative acoustic rhinometric method.
MATERIAL AND METHODS

Patients and groups
After approval by the Institutional Ethics Committee (No:30.2.GOU.01 and Date: 05-09-2009) and acquisition of patients' informed consent, American Society of Anesthesiology (ASA) physical status I-II, 54 patients aged 18-65 years who had been referred to the outpatient clinic of the department of otorhinolaryngology for head and neck surgery were included in the study. Patients with diabetes, endocrine or metabolic disorders; morbid obesity (body mass index (BMI) >40 kg/m 2 ); hypertension; hepatic dysfunction; known or suspected drug allergies; bleeding diathesis; severe respiratory failure; pregnant or lactating women; illicit drug addicts; alcoholics; anticoagulant users; those suffering from chronic and disturbing nasal stuffiness; and patients with a history of previous nasal operation(s), severe septal deviation, or other nasal pathologies such as nasal polyps, tumors, septal perforation, and rhinitis were excluded from the study. A sample size calculation was performed and found two groups of 27 patients each would be required to demonstrate a 25% difference with α=0.01, β=0.20 and a power of 0.80. The patients were randomized into two groups using computer-generated randomization schedule as Group P (n= 27; propofol group) and Group S (n=27; sevoflurane group). Two patients from Group P and 2 patients from Group S were not included in the analysis because of high blood pressures. Demographic parameters and ASA categories of the patients were recorded.
Measurements
Rhinometric measurements were performed using a SRE 2100 device (Rhinometrics A/S, Lynge, Denmark), which emits signals as interrupted impulses in accordance with the criteria defined, as recommended by the Acoustic Rhinometry (AR) Standardization Committee. In an AR device, dimensions of the nasal cavity are measured using an acoustic echographic technique. From the curves obtained, various cross-sectional areas and volumes of the nasal cavity can be calculated. Acoustic rhinometry is method in which audible sound waves are directed to the nasal cavity and local acoustic impedances gathered from different cross-sectional areas are plotted as a curve describing the cross-sectional area of the nasal cavity as a function of distance from the nostrils. AR is able to detect nasal obstruction and its temporary or permanent reasons. AR is very fast in comparison to conventional methods and requires minimal patient cooperation. Since numeric values are provided, it is possible to compare different measurements. Although single measurement takes 8 milliseconds, complete procedure time is around 20 seconds 3 . Obstructions in the nasal cavity are presented as notches in the rhinogram. Each notch represents a different anatomical area and these anatomic areas are called as "minimal crosssectional areas (MCA)". The first notch of the curve (Isthmus nasi notch, I-notch) represents the isthmus nasi (valve region). The second notch (Conchal notch, C-notch) corresponds to the head of the inferior turbinate and the anterior part of the septum. AR shows the changes in nasal cavity and its macrovascular coat in different conditions as quantitative values. AR is used for follow up after treatment of patients with allergic rhinitis, vasomotor rhinitis and evaluation the response of nasal mucosal provocation. (In terms of detecting mucosal changes, AR is more sensitive in lower doses when compared to the rhinomanometry) 4 . It has been shown in the studies performed with histamine and bradykinin that MCAs decreased dose dependently 5, 6 . AR shows the situation of nasal components before and after treatment clearly 7 and it is useful for measuring nasal valve area 8 . AR can direct treatment by detecting which pathology and how much is taking part in both macrovascular and structural nasal obstructions. Although cross-sectional area examination is the most reliable parameter in nasal congestion studies 5 , this reliability is decreasing from nares to choanas.
Cross-sectional areas, at distances from the nostril entrance to a previously defined cephalic point, and volumes of the nasal cavity were calculated from plotted curves using a 2.6 version of the Rhinoscan program (Rhinometrics A/S, Lynge, Denmark). For every new measurement day, a initialization procedure was implemented to calibrate the device so as to avoid technical errors. Before any application on the patient, the accuracy of measurements was tested using a "standard nose model" provided with the device.
The research fellows applying AR were blinded to group allocation. All measurements were obtained in the same room at ambient temperature (18˚C). For the measurements, conic probe tips of the same size, especially designed for right and left nostrils, were used. A thin layer of gel was applied on the tip of the probe of appropriate size, on the sides of the probe in contact with the nasal cavities, and on the nasal wings. The nasal tube was held at 45 degrees to the intersection line between the base of the nasal aperture priformis and the tragus. Then, the patient was asked to open his/her mouth and breathe slowly by mouth. Meanwhile, when the green light was on, which indicates the reliability of the measurement, three consecutive measurements were performed, and the results were plotted. Values obtained from these three curves were recorded as baseline values. The patients were brought into a relatively noiseless room the night before the operation, and they lied down in a supine position for approximately 30 minutes to accommodate to the environment, then baseline measurements were taken from both nostrils. On the day of the operation, one hour before entering the operating suite, the patients were given an IV isotonic 0.9% NaCl (10 ml h -1 ) infusion was started and it was maintained in the operating room. Heart rates (HRs), systolic (SBP) and diastolic (DBP) blood pressures, mean arterial pressures (MAP), and peripheral blood oxygen saturations (SpO 2 ) of the patients were noninvasively monitored (Siemens SC 7000 modular monitor, ENG) at 5 minute-intervals. The mean values of the three SBP, DBP, and MAP measurements obtained within 1 hour after premedication were accepted as baseline values. Before induction of anesthesia, both groups received remifentanil at an IV bolus dose of 1 µg kg -1 . Induction of anesthesia was achieved with 2 mg kg -1 propofol IV bolus for Group P, and 6-8 % sevoflurane inhalation for Group S. The patients received IV rocuronium (0.5 mgkg -1 iv) after the establishment of mask ventilation was confirmed. After allowing time for motor paralysis to occur, endotracheal intubations were performed. For the maintenance of anesthesia, both groups received a 50% O 2 + 50% air mixture and 0.025 µg kg min -1 remifentanil as a continuous infusion. In Group P, the propofol infusion was started at a dose of 4 mg kg h -1 ; however, in Group S, the sevoflurane concentration was reduced to 2% and inhalations were maintained according to the patients' responses to treatment. Mechanical ventilation was performed so as to maintain tidal volume at 8 ml kg -1 , and respiratory rate at 10 per minute.
To achieve controlled hypotension, drug dosages were adjusted to less than 20-25% of the baseline values, taking care not to decrease preoperative MAP below 55 mm Hg. To attain targeted blood pressures, the inhalation rate of sevoflurane was adjusted to 1-3% per hour, while the infusion of propofol was set at a rate of 4-12 mg kg h -1 . At 30 minutes after the induction, in compliance with sterile conditions and in a noiseless environment, nasal cross-sectional areas were measured by AR, and the values obtained were evaluated as vasodilatory responses of the patients to the anesthetic methods they received.
Patients who could not attain required blood pressure values despite dose adjustments were evaluated for the last time before rhinometry, and subsequently excluded from the study. These patients were assessed for undesirable hypotension or hypertension, and medical interventions were instituted to achieve desirable levels of BP according to routine practices.
Statistical Analysis
Results obtained during the study were statistically analyzed using SPSS (Statistical Package for Social Sciences for Windows 15.0). For data retrieved, descriptive statistical methods (means, standard deviation) for intergroup comparisons of numerical variables, Student's t test for intragroup comparisons of parameters and for qualitative comparisons, chi-square test and Fisher's exact chi-square tests were employed. AR results obtained from the patients in the supine position, both preoperatively and after induction of anesthesia, were assessed statistically. The results of mean changes were calculated per subject. The results were evaluated within 95% confidence intervals, and p<0.05 was considered significant. Demographics, SBP, DBP and MAP estimates of the patients were tabulated, while MCA1 and MCA2 values were presented as graphics.
RESULTS
A total of 50 patients were included in the study. 2 patients of each group were excluded due to intraoperative hypertension. No difference was found between two groups about age, body weight, height, and BMI (Table 1) . Table 1 . Demographic characteristics and ASA physical status of patients Differences between MAP values calculated individually for each measurement period for Groups S and P were statistically significant. The firstly measured MAPs in Groups S and P were significantly higher than all other MAP estimates (p<0.001, and p<0.001, respectively). Although in both groups, significant changes in MAP values during procedures were observed, these variations were comparable in Groups S and P (Table 2) . Preanesthetic measurements of right and left MCA1, and also mean MCA1 performed while the patients were in the supine position, did not differ significantly between Groups S and P. However, a statistically significant difference was seen between Groups S and P for right and left nose MCA1, and also for mean MCA1 measurements performed at 30. minute of anesthesia (p=0.012, p=0,011, p=0,002 respectively). Each one of the three MCA1 values measured in Group S after the induction of anesthesia was significantly lower than the corresponding values of Group P (Table 3) . Percentage changes are shown during the operationMCA1values (Figure 1 ). Pre-anesthetic measurements of right and left MCA2, and also mean MCA2 performed while the patients were in the supine position, did not differ significantly between Groups S and P (p>0.05). However, a statistically significant difference was seen between Groups S and P for right and left nose MCA2, and also for mean MCA2 measurements performed at 30 th minute of anesthesia (p<0.05, p=0.024, p=0,014 respectively). Each one of the three MCA2 values measured in Group S after the induction of anesthesia was significantly lower than the corresponding values of Group P (Table 4) . Percentage changes are shown during the operation MCA2 values (Figure 2 
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DISCUSSION
Controlled hypotension diminishes blood loss, allows better visualization of the surgical field, and ensures surgical interventions are performed safely, easily, and over a short time. Achievement of these levels using various maneuvers (positioning of the patient, positive pressure ventilation, usage of hypotensive agents, etc.) are termed hypotensive anesthesia. This technique can acceptably lead to a nearly 50% decrease in blood loss1,2. Nowadays, microscopic techniques are used in many surgical interventions. Besides maintenance of crucially important hemostasis in microsurgical interventions, positioning maneuvers performed by the surgeon should be observed carefully, and every measure should be taken to facilitate these maneuvers. Since surgical interventions requiring microscopic guidance cannot even tolerate minor bleeding, which can complicate working in the operative field, to obtain a bloodless field, the patient's blood pressure should be decreased in a controlled way.
Since propofol possesses the characteristics of an ideal intravenous induction agent, it is used in bolus or infusion forms in ICUs in combination with oxygen, nitrous oxide, and opioids, with the intention of sedation in general anesthesia 9, 10 . Though anesthetic practices in adults are generally realized rapidly and safely using intravenous agents like propofol, mask induction of anesthesia might be preferred to avoid the adverse effects of IV induction, such as hypotension, anaphylaxis, and apnea, and also to provide comfortable inductions for patients and children who fear intravenous procedures [11] [12] [13] [14] . Sevoflurane does not have a disgusting odor, but rather possesses a pleasant smell for inhalation by conscious patients. Therefore, its odor does not result in any adverse effects. Satoru et al. hemodynamically compared mask induction of anesthesia using sevoflurane, isoflurane, halothane, and enflurane, and demonstrated sevoflurane and halothane as the optimal agents to be used for mask induction 15 . In a study where induction of anesthesia using sevoflurane and propofol was compared, sevoflurane was indicated as a probable alternative in place of IV agent 16 . In some studies where induction or maintenance of anesthesia with sevoflurane or propofol were compared, sevoflurane had emerged as an alternative in lieu of propofol 17, 18 . Remifentanil is a preferred opioid both in total intravenous anesthesia (TIVA), and in balanced inhalation anesthesia, for the following reasons: its effects start and disappear rapidly, it provides deep intraoperative analgesia for shorter or longer periods according to needs, and it provides a very easily titrable dose without any concern for delayed recovery from anesthesia 19, 20 . In the studies conducted, though all opioids demonstrate similar effects in achieving bloodless surgery, remifentanil manifested comparatively improved intraoperative hemodynamic stability against surgical stress 21, 22 . In a study with a similar design to ours, in tympanoplasty operations, remifentanil infusions (0.2-0.5 μg kg min-1) were administered. Bolus doses of 1 μg kg-1 of the drug and propofol at a dose of 120 μg kg min-1 were used in combination with sevoflurane, whose dose was adjusted so as to attain end-expiratory concentration of 2%, and it was emphasized that both methods provided controlled hypotension without the need for an additional hypotensive agent, and a bloodless surgical field due to a decrease in blood flow supplying the middle ear was achieved with resultant improved surgical conditions 22 . In a study that aimed to decrease the amount of bleeding by controlled hypotension, the authors demonstrated that a propofol-remifentanil combination achieved more effective hemostasis than aisoflurane-fentanyl combination in 64 patients undergoing functional endoscopic sinus surgery, and time to attain MAP was similar in both groups 23 . In our study, with either agent, the desired levels of blood pressure were reached within 5 minutes. Besides, no significant difference was seen between the groups as to SBP, DBP, MAP, and heart rates measured at baseline within the first 5 minutes after establishment of intubation.
Acoustic rhinometry (AR) is an objective diagnostic test used in otorhinolayngology procedures 24 . In AR, acoustic signals are delivered into the nasal cavity, and the location and diameter of narrowed nasal segments can be evaluated quantitatively using the estimates for intensity, phase, and delay times of the signals reflected by the nasal cavities, and these parameters can be demonstrated in an acoustic rhinogram. The effects of expedited maxillary augmentation on nasal cavities of 29 children aged between 7-10 years, with maxillary atresia, were demonstrated, and the authors stated that AR measurements of MCA1 and MCA2 values did not differ, while nasal resistance decreased somewhat 25 . A retrospective study aimed to reveal clinical correlations between AR and CT methods, and concluded that CT screening tests that correlated with a clinical diagnosis had a somewhat better diagnostic value relative to AR, without any significant differences between them 26 . Roithmann et al. 27 compared AR measurements obtained from subjects in the supine and seated positions in 10 asymptomatic individuals, and 10 patients with allergic rhinitis, and in both groups, minimal cross-sectional areas and total nasal volumes measured in the supine position were relatively lower. In our study, since measurements performed in accordance with AR guidelines did not bear any relationship to anesthesia, the results obtained were not included in the study analysis. However, mean MCA1 and MCA2 measurements performed at 30 Minutes, in the seated position, yielded higher, albeit insignificant values when compared with the corresponding results obtained at 30 minutes in the supine position.
Despite the numerous acoustic rhinometric studies resembling the designs of the above-mentioned ones, a trial evaluating controlled hypotension and vasodilation induced by anesthetic agents using AR methods is lacking. In this study, vasodilations achieved with two different anesthetic agents were compared and evaluated quantitatively using AR. In our study, MCA values decreased with hypotensive anesthesia, which is due to a reduction in the volume of the nasal cavity as a result of vasodilation. This reduction was greater with sevoflurane anesthesia. The amount of surgical bleeding depends on the degree of hypotension and the vasodilation effect of the instituted agent on the region in question. We did not evaluate surgical site bleeding; however, various studies have demonstrated that bleeding is more abundant during sevoflurane anesthesia when compared with propofol [28] [29] [30] [31] [32] [33] [34] [35] . Our study has revealed that sevoflurane induces relatively greater vasodilation in the nasal mucosa, which explains why more severe bleeding is encountered during sevoflurane anesthesia.
This study demonstrated that a hypotensive anesthetic technique realized using propofol induces lesser degrees of vasodilation in nasal mucosa when compared with sevoflurane. 
